In this article, we investigate the Beveridge curve dynamics in the USA and Italy by means of a cointegrated structural VAR model. A simple economic model is introduced to motivate the identifying assumptions of the empirical analysis. A stable long-run relationship is found for both countries. In order to study the dynamic behaviour of the model, and to decompose unemployment and vacancy fluctuations, we identify three common stochastic trends. The empirical results suggest that there are some sources of hysteresis in unemployment in both countries. Transitory shocks are also identified to account for the short-run dynamics of the model. The approach allows us to detach the long-run from the short-run dynamics, in order to provide information on the cyclical and structural Beveridge curve.
we try to explain the underlying behaviours of the workers and firms, in accumulating skills, setting wages and the involved policy-makers' actions, which indirectly result in the patterns of the Beveridge curves of various countries. In order to study the dynamic behaviour of the Beveridge curve in two countries, we identify a commontrends model that allows us to decompose unemployment and vacancy fluctuations stemming from three permanent shocks, namely a technology shock, a labour supply shock and a reallocation shock for both countries. Our aim is to isolate shocks and structural changes from the Beveridge curve, to assess its long-run dynamics and adjustment. The rationale is in the inner functioning of the Beveridge curve itself. As is well known, the latter is a macro-long-run relationship stemming from a job-search activity in the labour market; it sums up the behaviour of two elementary units of the economy: firm and worker. What we observe in the job market data is the consequence of such elementary processes. At an aggregate analysis, the Beveridge curve shows fuzzy movements, alternating relative stable patterns to large changes in position and slope, as well as non-monotone transitional paths (see Blanchard and Diamond 1989; Bleakley and Fuhrer 1997) . In other words, data show that there is a remarkable level of churning in the labour market; movements of the Beveridge curve are the economywide response to a complex microeconomic framework. The matching function is the common thread between these two worlds. This leads once more to the importance of separating long-run from short-run movements of the Beverdige curve. However, in doing so, we have to bear in mind that job search is affected by a large number of variables, spanning from individual, like skills and education, to institutional, like labour market tightness and rigidity. For such a reason, we cannot expect, that, a priori, that the Beverdige curve dynamics follows similar movement in different countries, especially when the latter differ remarkably in the institutional setting. After significant labour market reforms in the 1990s and the early 2000s, labour market outcomes have improved in Italy, implying an increase in employment and labour force participation, jointly to a substantial reduction in the unemployment rate (dropping to around 6% in 2007). However, this is not enough; employment rates in Italy continue to be substantially lower than those in most other European countries. Moreover, the labour market is characterized by large inequities induced by liberalization reforms. Main reforms were the 1997 Treu (former labour ministry) and 2003 Biagi (The Chief Advisor, Labour Ministry); they introduced substantial 'flexibility' to the Italian labour market thanks to atypical jobs. But this has induced an increasing dualism of the labour market. In fact, 'most of the employment gains since 1995 were in temporary and part-time employment. Between 1995 and 2007, the share of temporary employment increased from 7.2 to 12.4%, and the share of part-time employment from 10.5 to over 15%. In absolute terms, the number of workers in temporary work arrangements more than doubled during that time, while permanent employment increased by only 7 percent' (Schindler 2009 ). Such a fact, jointly with still too-tight a national wage bargaining system, does not allow Italy a real take-off in the labour market. Moreover, product market still needs to be regulated, and additional reforms are needed. In the US labour, market is much more free, jointly with an economic setting working in a more competitive way than in Italy. Wage bargaining is limited and so is fiscal pressure. This makes Italian and than US labour market barely comparable, and for such a reason, we are going to investigate the dynamics of Beveridge curve in both the countries.
Under this point of view, Italian and the US labour markets are often invoked as two polar cases, because of different wage rigidities and search mechanisms. As pointed out in Flinn (2002, p. 613 
):
We have chosen Italy and the US to make our substantive points because the labour market institutions in these two countries are well-known to be quite dissimilar.
In particular, Flinn focuses on the role of institutional restrictions on layoffs and dismissals in accounting for the lower level of cyclical variability in employment levels observed. Markets with rigid labour regulations and centralized wage setting are often thought to be inefficient but egalitarian. This has remarkable effects on the Beveridge curve dynamics over time; we should expect a more sluggish dynamics in countries, characterized by wage rigidity and inefficient job search, like Italy, and conversely in countries, where labour market is more flexible and reactive to shocks, like US.
To achieve the goal, in the first stage, we present a simple labour market model and its solution, in a way to investigate upon the model cointegration properties and to assess the structural stability of the equilibrium relationship. The estimated models allow us to identify-for both the countries-different stages representing low-and high-efficiency phases of the labour market. Out of equilibrium, dynamics has been investigated by the common stochastic trends approach; this allows us to study the economic model in its long-and short-run dynamics.
This study is close in spirit to Blanchard and Diamond (1989) (henceforth BD); in that article, the authors try to isolate short-run dynamics from the steady state to assess whether the US Beveridge curve undertakes regular movements in the u (unemployment)and v (vacancy) space, even though, unlike those authors, we use a discrete time model of the labour market. Theoretical microfoundation of the short-run dynamics in the Beverdige curve is investigated in Giannini (2006) , by means of the Dynamic Monte Carlo Markov Chain approach.
Sections 2 and 3 of the article describe the data and present a small model of the labour market that will be used to motivate the identifying restrictions in the following empirical analysis. Section 4 contains the cointegration properties of the model for the US. In Sect. 5, we identify and estimate a common trends model and use it to study the dynamics of the US Beveridge curve. Section 6 describes the empirical results for Italy. Section 7 concludes and tries to describe a final comparison of the results of the analysis in the two countries.
The data
We use quarterly data for the US and Italy extended to cover the period 1960:1-2007:4 for US, 1980 US, :1-2006 :4 for Italy: details are in the Appendix B. The variables are the log of the civilian labour force, the log of the productivity measured as real output per worker, the unemployment rate and the vacancy rate, The variables for the US are graphed in Fig. 15 in Appendix. The first and the third panels show the strong trend in both the labour force and productivity. The second and the fourth panels graph the unemployment and the vacancy rates with less marked trends. Looking at the chart of vacancy data, the remarkable downward trend characterizing the data since the early 1990s is likely to have been helped by the recent increase in alternative sources of job search, such as the Internet, which have reduced the importance of the traditional help-wanted advertisements.
In the first step of the analysis, we investigate upon the statistical properties of the series; if the series are non-stationary, then will be evaluated the presence of cointegration. ADF and KPSS unit root tests carried out on the levels of the single variables suggest that all the variables can be regarded as non-stationary for both the countries. In empirical investigation on these type of data, Juselius (2006), suggests of testing stationarity using the cointegrated VAR approach rather than the single equation unit root tests; however, results reported in Appendix Tables A1 and reftabA2, confirm our  single variable unit root testing. 2 In Fig. 1 , the US Beveridge curve is graphed for the full sample; it is worth noting the inward shift of the curve from the late 1980s to the early 2000s. As pointed out in Pissarides (2000) , this process can be described defining the job-matching function
where the rate of job matching or hiring, h, is expressed as a function of the unemployment rate, u, and the job vacancy rate, v, while α is a parameter that describes the efficiency of the matching process. It is usually assumed that the matching function is characterized by constant returns to scale, and it is increasing in both arguments. These assumptions imply that the Beveridge curve is convex to the origin and downward sloping in u-v space. It represents a steady-state relationship in the sense that the job matching rate, h, i.e. the percentage of workers flowing out of unemployment into jobs is equal to the flow into unemployment, at an exogenous constant rate of job separation, s. Outward or inward shifts of the curve over time are due to lower or higher levels of the efficiency of the job matching (measured by α); these movements are induced by changes in the search intensity of firms and workers, changing demographics, barriers to occupational and geographical mobilities, etc. In order to identify short-and long-run dynamics of the Beveridge curve, we perform firstly the cointegration analysis, applying Johansen's procedure, while in the second stage, we use, if any, the cointegration properties of the VECM to derive and identify the common stochastic trends that drive the system. We study the characteristics of the system found in the first stage carrying out a common trends analysis to analyse the properties of the Beveridge curve.
A model of the labour market
The model used in this article consists of a production function, a labour supply relation a Beveridge curve relation, and a labour market-tightness equation:
where y t is the output, e t is the employment, and the parameter β measures returns to scale. θ t is a stochastic technology trend and evolves according to
with the pure technology shock ε y,t . In Appendix C is reported the production process with two inputs, labour and capital, and the reasons why, assuming the capital-labour ratio to be stationary, θ t can be considered as a technology shock. 3
According to Eq. 2 labour force is influenced by the output, since positive aggregate demand movements lead to a decrease in unemployment, as well as an increase in the labour force, and a stochastic labour supply trend according to the following process:
where ε s,t is a pure labour supply shock. Equation 3 is a Beveridge curve relation,
where ω t is an exogenous reallocation variable. The relationship is consistent, at aggregate level, with changes in shocks which conduce, at least in the short run, at a strong negative correlation between unemployment and vacancies. Reallocation trend evolves according to
with the pure reallocation shock ε c,t .
In Eq. 4 labour market tightness (v-u ratio)-that is a broad measure of the cycle-is influenced by the labour productivity: for a given separation rate s, an increase in labour productivity reduces the unemployment rate and increases the vacancy rate, increasing the v-u ratio, so that unemployment and vacancy move in opposite direction. The v-u reflects the intensity of search activities in the matching market, and therefore through it, favours employment movements, i.e. the, high values of the ratio indicate that jobs are relatively abundant and imply an efficient labour market. ε m,t , is a pure market tightness shock, and if Eq. 4 is a stationary relation, then ε m,t obeys the following process:
In the equilibrium relationship (4), positive changes in labour productivity, among others, decrease marginal costs of firms, and the additional demand caused by lower prices match the increase in labour demand, so that vacancies increase and unemployment decreases; hence, vacancy-unemployment ratio increases showing that it is pro-cyclical. The increase in job creation lowering unemployment improves workers' wage-bargaining position, and therefore puts upward pressure on wages absorbing over a period the productivity increase pushing the variables towards the equilibrium. 4 All the variables are expressed in natural logarithms, and the initial values of the stochastic shocks (θ 0 , ψ 0 , ω 0 ), which for simplicity are assumed equal to zero. It is convenient to rewrite and solve the model in Eqs. 1-4 in terms of the main variables of the study: labour force l t , labour productivity (y t − e t ), unemployment u t , and vacancy v t . By doing so, we obtain ⎛
or in compact form
From the solution of the system (5), we obtain
where is given by
From Eq. 6, it can be seen that the four variables are driven by four unobserved components: the three common trends in labour supply: (ψ t ), technology (θ t ), reallocation (ω t ); and a stationary component due to market-tightness shocks (ε m,t ). The model suggests that stochastic shocks in labour supply, technology, and reallocation may cause hysteresis phenomena in unemployment. Although the mechanisms which generate hysteresis in the model are quite simple, the methodology, modelling even other variables like wages, inflation, employment, capacity utilization (or output gap), may be useful to study more elaborate theories about unemployment persistence, for example, the theories of the unemployment range of equilibria (McDonald 1990) , the pure hysteresis model of the capital scrapping (Carlin and Soskice 1990) , which derive from demand management policies, or, e.g. as it is used in the hysteresis common trends model of Jacobson et al. (1997) . The range of equilibria is a range of rates of unemployment within which the rate of unemployment is exerting no disequilibrium pressure on the rate of inflation, and so by integrating the labour market common trends model with a two-regime Markov switching model, it may be possible to study the unemployment-inflation dynamics related with an unemployment range of equilibria and if equilibrium unemployment may follow a hysteresial process. On the other hand, if we consider the model with a demand variable (e.g. public expenditure), then it is possible to analyse long-run effects on unemployment that can be explained by hysteresis phenomena of aggregate demand shocks, like, for example, the capital scrapping model of Carlin and Soskice (1990) . Our common-trends model only tries to explain that there are some shocks which have permanent effects on unemployment and vacancy, and others which have only temporary effects, and to examine the sources of these shocks in more detail.
The cointegrating properties of the VECM for US
Johansen's cointegration analysis is applied to the following linear VECM with four variables 5 and six lags 6
where x t is a n × 1 vector of endogenous variables, D t is a vector of general deterministic terms and ε t is an error term assumed to be i. Johansen and Nielsen (1993) , 10 and we noted that their difference does not lead us to reconsider the choice of cointegration rank. With four variables and one cointegration relationship, Stock and Watson (1988) show that there is a simple duality between the concepts of cointegration and common trends, and so when we have an n-dimensional vector of variables, with r-dimensional cointegration vectors, there are k = n − r common stochastic trends that drive the system of the variables (i.e. k = 3). 5 Labour force (l t ) and labour productivity (y t − e t ) are in natural logarithms. Unemployment and vacancy rates were transformed in: ur t = log (1 + UR t /100) and vr t = log (1 + VR t /100), so that the log transformation aids normality in residuals, and when x is small, log (1 + x) ≈ x by Taylor expansion. 6 Hannan-Quinn and Schwarz information criteria led to the choice of a VAR(4); we found that residuals improved their statistical properties with six lags, confirming that the residuals are not serially correlated in all the equations, while the Bera and Jarque tests do not allow for rejection of the normality. 7 Johansen (2002) suggests to apply this correction factor that improves the finite sample properties and corrects for the under-rejection of the trace test statistic in small samples. 8 The results were obtained using CATS in RATS, version 2.
9 Four impulse dummy variables are included in the model to improve the statistical properties of the residuals justified on economic grounds, and to account for the oil shocks. Following Hansen and Johansen (1999) , when a recursive trace test is carried out, we cannot reject the hypothesis of one cointegrating relationship (Appendix Fig. 16 ). 10 See Appendix D and Table A4 .
Overidentifying restrictions on the cointegrating vector were applied and accepted by LR test: 11 the estimated cointegrating relationship can be written as
The stationary relationship shows that the elasticity of v-u ratio with respect to labour productivity is estimated asγ = 1.78, 12 implying that labour productivity shocks are consistent with a downward sloping Beveridge curve. In particular, increases in labour productivity lead to high vacancies, since firms have incentive to open more vacancies, and low unemployment that characterize a tight labour market, since unemployed workers find jobs more quickly, so that the process can be observed by fluctuations in derived demand for labour, as reflected in vacancy movements, i.e. shifts in labour demand are caused by changes in productivity, which suggest to be an important driving force of the cyclical unemployment dynamics, rather than labour supply shocks that, how it is shown in the following analysis, are more important in the long run. In this view, as suggested by Shimer (2005) , an increase in labour productivity relative to the recruitment cost to advertise a job vacancy, makes unemployment relatively expensive and vacancies relatively cheap, so that the market pushes towards vacancy substitutions, and the increased job creation decreases the unemployment rate, moving the economy along a downward sloping Beveridge curve. Fujita and Ramey (2007) , in a quasi-VAR system of the US labour market, report the IRF of the v-u ratio to a one standard deviation productivity shock, showing, that as a result of the shock, that the labour market tightness rises rapidly for four quarters, then it reaches its steady state after about 15 quarters, showing some degree of sluggishness. It is known that cointegration relationships can be interpreted as the forces that pull the variables towards an equilibrium after a shock has occurred, but some shocks can have permanent impacts on the variables. In this view, the non-stationarity of the observable unemployment rate (as well as vacancy rate) cannot be simply explained by nominal or real inertia that causes a sluggish adjustment towards a stationary equilibrium rate of unemployment. Indeed, when there are shocks that affect permanently the equilibrium path, i.e. policies oriented to change the unemployment rate (or inflation rate), they may cause shifts of NAIRU through movements of actual unemployment rate, introducing non-stationarity in the system. 13 Before proceeding to the identification of which shocks could have permanent or transitory effects on unemployment and vacancy, to verify the constancy of the beta vector, following Hansen and Johansen (1999) , we carry out a recursive estimation.
Based on recursive tests, max test shows the stability of the cointegration vector, with evident differences in the late 1970s and mid-1980s (Appendix Fig. 17 ). The recursive procedure, moreover, allows us an alternative way for investigating the beta vectors constancy, by testing whether some fixed value of beta, β 0 , is contained in the space spanned by β (t 1 ) (test of 'Known Beta'). In other words, the test is based on the null hypothesis that the beta relations are constant over a reference period. It is displayed in Appendix Fig. 18 . It can be noted that model constancy is accepted based on the R-form model (concentrated model version), 14 when the short-run effects had been corrected for, whereas it is rejected based on X-form that is the equilibrium error as a function of short-run dynamics and deterministic components (full model)-in the 1970s and the early 1980s. This period is comprised between the oil shocks and comprises a fairly volatile sub period in the sample. With this test, the model suffers from non-constant parameters in the short-run structure, whereas in the long run, the full sampleβ would essentially be accepted, since the X-form test is more likely to be influenced by the instability in the short-run coefficients. As pointed out by Juselius (2006), there is no waterproof rule to warrant whether the deviation from constancy requires a re-specification of the model, so she suggests that 'One useful way to thinking of the recursive tests is that they can provide a general assessment of the confidence we place on the conclusions from the model' (p. 150). In our conclusion, although X-form of the US test of 'known beta' displays volatility at the beginning of the recursive sample, the model suffers from non-constant parameters in the short-run structure; when the latter are concentrated out, the model in the long run shows a reasonable amount of parameter constancy (the full sampleβ would essentially be accepted when the short-run effects are corrected for). Since the X-form test is more likely to be influenced by the instability in the short-run coefficients, we do not think that this deviation from constancy requires a re-specification of the model, given also the other recursive tests (max test of β-constancy, Eigenvalue time path graph: Appendix Figs. 17, 19) and the graph of the cointegration relationship (Appendix Fig. 20 ) that looks quite stable. Moreover, as suggested by Juselius (2006, chap. 7) , the R-form model, the 'clean' equilibrium adjustment form, is a more interpretable economic form. 15 In order to analyse the long-and short-run dynamics and shifts of the Beveridge curve, we provide to carry out a common-trend analysis for the identification and the interpretation of the structural shocks of the model.
Identification of permanent and transitory shocks
The econometric methodology for the identification of the shocks that hit our SVECM relies on the common-trend analysis developed by King et al. (1991) and Warne (1993) . The approach uses the cointegration properties of the data to identify the model using both short-and long-run restrictions. The analysis distinguishes between structural shocks with permanent effects on the level of the variables and transitory shocks with effects in the short run only. The permanent shocks are the sources of the common stochastic trends, at least to some of the series. As we said, the number of these shocks is k = n − r, and the number of transitory innovations is equal at the number of cointegrating relationships. From a common-trend model, it is known that temporary shocks to the stochastic trends have permanent effects, while short-run fluctuations are driven both by trend shocks and purely transitory shocks. In this sense, the structural and cyclical components of unemployment or vacancy are correlated, but still distinguishable. In order to identify the permanent and transitory shocks of our SVECM model, we use the cointegration properties found in the first stage of the analysis. Our structural common trends model is given by
where A is the long-run impact matrix, i s' are the (nxn) matrices that give a description of the short-run dynamics, and satisfies the conditions to guarantee that the term 
The matrix A (4, 3) represents the long-run multipliers by the three permanent shocks, i.e. how each trend influences the variables in the long run. To identify our system, we have to add three identifying restrictions. From our identifying assumption (δ = 0), we find from Eq. 6 that this implies that labour force is independent of both the technology and reallocation shocks in the long-run. This restriction implies that labour force is exogenous in the long-run, so from Eq. 2, we see that labour force is only driven by the labour supply trend. Moreover, it can be noted that if the production function (1) shows constant return to scale (β = 1), then productivity is fully explained by the technology trend. Note that we do not have to impose any further restrictions to identify the transitory shock. It is also noteworthy that we do not impose any restrictions on the short-term behaviour of the variables, or that the limit of the impulse response of the time series to the transitory shock becomes zero when the time horizon goes to infinity, so that its effects may be large in the short and medium term. In Sect.2 the cointegration relation for the three trends system is given by the market tightness relation. Its coefficients are described by the vector
If we premultiply the parameter vectors in Eq. 6 by β then we find that the resulting coefficients on ψ t , θ t and ω t are all equal to zero. In terms of Eq. 10, the a ij coefficients must obey the same restrictions. We know that since A (4, 3) is the matrix containing our a ij coefficients, the identifying assumption (δ = 0) and the cointegration restrictions β A = 0 result in:
The problem is uniquely determined: in addition to γ and δ, the other parameters of the theoretical model. In order to make the trend coefficients in (11) comparable with those in Eq. 6 we must transform the theoretical trends so that their innovations also have unit variances. In order to compare the theoretical and empirical models, the vector of coefficients on ψ t in Eq. 6 is multiplied by σ s , while ψ t is multiplied by 1 σ s , and analogously for the other trends. We see that there are six unknown parameters included in the theoretical expressions for the trend coefficients, δ, β, η, σ s , σ y , σ c .
Since A matrix is assumed to contain the structural parameters on the (n − r) common trends, it must be orthogonal to the cointegration vector(s), β. This implies the restriction β A = 0, or, expressed using a selection matrix A 0 , chosen such that
where A 0 is an n × k matrix with known parameters, chosen so that the innovations to the trends have an economic interpretation, 16 and π is a (n − r) × (n − r) matrix lower triangular. Computing the product, and setting the theoretical trend coefficients equal to the empirical in Eq. 11, some algebra calculations give us, the Beveridge curve trade-off parameter:
The returns to scale parameter
The labour supply elasticity The standard deviation of the supply labour trend innovation
The standard deviation of the technology trend innovation
The standard deviation of the reallocation trend innovation
Unemployment, usually is positively affected by labour intersectoral reallocations as a response to aggregate shocks. Long-run effects on unemployment can be explained by hysteresis phenomena of negative (positive) aggregate demand shocks (Carlin and Soskice 1990) . Therefore, the process can manifest a hysteresis system with many equilibrium rates of unemployment. 17 Indeed, in the common trends model unemployment and vacancy dynamics attain at their long-run behaviour in which they show persistence paths, so that the model is consistent with a hysteresial process. We analyse in detail the importance and the reaction at the permanent and transitory shocks that hit our system through impulse response functions and forecast error variance decomposition (FEVD). The interest is concentrated particularly on the reaction of unemployment and vacancy rates at specific shocks, and on the possible sources of persistence. Table 1 reports estimates of the long-run multipliers in the matrix A in Eq. 11. The a ij estimates measure the long-run response of the variables from a unit shock to the orthogonal innovations in the three trends. Table 1 shows the long-run effects on the variables arising from a unit shock to labour supply, technology and reallocation innovations (percentage values). For example, it is noticeable that a unit shock to labour supply (i.e. an autonomous or policy-induced change in the labour-participation rate), raises labour force approximately by 0.6%, has a negative long-run effect on unemployment of −0.11%, and a positive one on vacancy, since it may enhance job creation as, owing to the additional labour supply, opening of a vacancy for new jobs becomes less costly. According to these results, as pointed out by BD (1989, p. 59) , it is possible that an exogenous increase in the labour supply is associated with some increases in employment, that is some jobs are created with the entry of new workers, or suppressed as some existing workers leave the labour force. Moreover, positive labour supply shocks may lead to lower unemployment if the long-run labour demand shift (e.g. via an increase in the output) is greater than the shift in the supply curve as long as the supply elasticity with respect to wage is sufficiently small. In this view, employment increases more than the labour force, thereby decreasing the unemployment rate.
The dynamic behaviour of the variables can be seen by the impulse responses in Figs. 2, 3, 4 , and 5, where we provide the estimated impulse responses fluctuations for the four different shocks along with 95% confidence bands. Figure 2 displays the impulse responses of the various variables to a one-unit labour supply structural shock.
It is noteworthy that there is an increasing of unemployment in the short run, e.g. if the employment increases less than labour force. The long-run effects on the variables by technology shocks are shown in Fig. 3 . Table 1 (second column) and Fig. 3 show the long-run responses of unemployment and vacancy to a technology shock. Observe that unemployment and vacancy respond in opposite directions, with unemployment falling by 1.17% and vacancy rising by 0.12%, e.g. a technology shock induces an increase in labour productivity that raises the labour demand, and hence, through it, an increase of the vacancies posted by the (2005) that finds technology inducing a negative correlation between unemployment and vacancies, so that they are consistent with a downward sloping Beveridge curve; in other words, a technology shock tends to reduce the unemployment rate as more workers obtain employment in the expanding sectors, and higher productivity firms post more vacancies. Therefore, it tends to increase the transition rate from unemployment to employment, and to decrease the transition rate from employment to unemployment. Therefore, vacancies and unemployment should have negative correlation. Figure 4 displays the impulse responses to a reallocation shock. Positive aggregate reallocation shocks lead to job destruction and an increase in unemployment, and leading over a period to post vacancies, if the job destruction created by the firms which are negatively hit by the shocks, prevail on the creation of additional jobs due to sectors and firms where the shocks have positive effects. At aggregate level, a negative demand shock will result in lower profitability of jobs and therefore in an increase of job destruction, and a decrease of job creation. Reallocation effects, if persistent, can shift the curve from the origin. In the model, reallocation shocks cause adjustment processes of job vacancies, and unemployment rather sluggish. As in Braun et al. (2009) , the reallocative shock has a short-run negative effect on labour productivity and no significant long-run effects. As argued by Barlevy (2002) , the literature (see Hall 1991 Hall , 2000 Mortensen and Pissarides 1994 , for example), has developed models where recessions are associated with a more efficient allocation of resources by 'cleansing' out-less efficient matches and redirecting resources into more productive uses, but his model gives rise to a countervailing 'sullying' effect that works against the cleansing effect, since workers The dynamic responses of unemployment and vacancy to the transitory innovation are shown in Fig. 5 . This disturbance, identified as a market-tightness shock, leads to an increase of the v-u ratio in the short run, peaking within a year, after which the ratio displays steadiness over time.
Looking at Fig. 5 and at the short-run impact matrix R(0) in Table 2 (last column), the transitory shock initially raises both unemployment and vacancy and later they move in opposite direction, increasing the v-u ratio, with vacancies that seem to be less sensitive to short-run business fluctuations. Sluggish propagation mechanisms lead to long-lasting effects of transitory shock, showing some degree of inertia of the economic adjustment. Fujita and Ramey (2007) and Shimer (2007) have noted sluggishness, in the vacancy dynamics adjustment is likely due also to the presence of sunk costs for job creation, that is, firms with a higher rate of worker turnover tend to post vacancies at a higher rate, and thus, job positions become more valuable once they are created. The increase of the labour market tightness, although the persistence of the transitory innovation shock, is likely attributable to demand shocks that improve the labour productivity through which it induce small movements along a downward sloping curve.
Estimating the common-trend model allows for the decomposition of the observed Beveridge curve into underlying permanent and transitory components. The long-run Beveridge curve is derived from the estimates of A, which is the behaviour of unemployment and vacancy in the vector x t due to the permanent disturbances, interpreted as the long-run forecast of the variables, expressed as
capturing the values to which the series are expected to converge as long-run behaviour, once the effects of transitory shocks have died out. 18 This behaviour, interpreted as the long-run Beveridge curve, can be computed as
where ϕ t is the vector of the structural shocks of the common trends. Then, the estimated long-run unemployment and vacancy series derived from the model are computed as so that these relations capture the long-run effects on the variables of the three identified permanent disturbances, and bear the interpretation of the long-run unemployment-and-vacancy forecast, when all transitory fluctuations in these two variables have vanished, suggesting that the long-run Beveridge curve is due to the propagation of shocks to the economy rather than a particular source of impulses. However, the cyclical component is
simply computed as
where the cyclical component is determined by both the innovations of the system, permanent and transitory, so that the permanent innovations also affect transitory dynamics. Figure 6 shows the long-run component of the curve, indicating an increased efficiency implied by an evident inward movement beginning in the late 1980s until today. The chart suggests significant changes in the efficiency of the aggregate job matching process in the US over the past four decades, showing a reduced efficiency and a deterioration of the job-matching process in the 1970s and the early 1980s, implied by some evidence of outward shifts of the curve in these years and then improvements onward. These results (various authors identified similar results, see e.g. the findings of Abraham (1987) , Katz and Krueger (1999) , and Valletta (2005) , inter alia), reflect an improved US labour market performance over the last two decades. Figure 7 shows a scatter plot of the relationship between the cyclical component of unemployment and vacancy, the short-run Beveridge curve. The correlation between the two components is very high, −0.98, between 1961 and 2007. Indeed, BD in their seminal study concluded that at business cycle frequencies, shocks generally drive unemployment and vacancy rates in the opposite direction. Tables 3 and 4 show FEVD of unemployment and vacancy, aiming at assessing the relative importance of the four shocks to the Beveridge curve dynamics. Number of quarters ahead measure the fraction of the forecast error attributable to each disturbance.
In Table 3 , for short-time horizons (within the first year), technology and transitory shocks explain roughly 84% of unemployment error variance; in the long run, the weight of the market tightness shock decreases whilst the roles of technology and labour supply increase. Labour supply shock accounts only for a small fraction of unemployment variance in the short run, but increases in the long run (almost 54%), and transitory shocks account for a long-time horizon, showing some persistence of the v-u ratio. Reallocation shock has its major effects within one year; later, the supply factors begin to have more incidence on unemployment. Note that contribution of technology shock to the cyclical fluctuations of unemployment account roughly for 60%. Table 4 shows FEVD of vacancy. At business cycle frequencies, technology and transitory shocks explain almost 90% of the vacancy variance; for longer horizons, labour supply and reallocation shocks increase its weight, accounting roughly for 60 and 33% of variance, respectively. These findings are consistent with the results of Mortensen and Pissarides (1999) , in which job reallocation shocks, in both USA and Italy, do not reverse shortly after they occur, where there is large persistence in job creation and job destruction, with persistence rates for the latter being slightly higher than the former.
Beveridge curve for Italy: the aggregate analysis

Cointegration analysis
In Italy, recent labour legislation changes (the so-called Treu Act 1997, and Biagi Act 2003) have been introduced to try to ease the regulation of temporary work, to introduce the 'job on call', 'job sharing' figures and, in general, to reduce the mismatch phenomena and to liberalize Italian labour market. Some results on the unemployment rate are evident; in the last years it has been decreasing over time, even though this improvement is due overall to an increasing number of temporary work contracts.
Italian data for vacancies derive from ISFOL-CSA survey. 19 Owing to the absence of official data on vacancies, there are not many empirical studies on the dynamics and the relations of the Beveridge curve in Italy (see e.g. Bragato 1990; De Stefanis and Fonseca 2007; Mocavini and Paliotta 2000) . Figure 8 shows IT Beveridge curve, where inward shift of the curve from the late 1990s until today can be noted, indicating some improved efficiency for the Italian labour market in the last decade, but from the visual inspection of the graph the theoretical negative relationship between unemployment and vacancy is more evident in the 1990s rather than in the early 2000s. Johansen's cointegration analysis was applied to a VAR with four variables and three lags. The results of the cointegration tests are shown in Appendix Table A6 .
When the Bartlett correction factor of the rank test statistic is considered, the null of non-cointegration can be rejected in favour of the alternative of the existence of one cointegration vector among the four variables, i.e. r = 1. 20 With a cointegration rank, r = 1, there are k = n − r = 3 common stochastic trends that drive the system. Overidentifying restrictions on the cointegrating vector were applied and accepted by LR test. 21 For Italy, the empirical counterpart of the relation (4) of the theoretical model, takes the form of the restricted cointegration relationship identified as
the v-u ratio stationary relationship shows an elasticity almost proportional with respect to labour productivity, confirming that labour productivity shocks, also for Italy, are consistent with a downward sloping Beveridge curve. Recursive analysis showed no serious problems of the model, given the beta constancy tests reported in Appendix Figs. 22 and 23, even though there were some instability around the early 1990s, likely due also to an important change of the statistical survey method of labour market data by the Italian Statistical Office.
The common-trend analysis
Now we use the cointegration properties found in the first stage of the analysis to identify the permanent and transitory shocks of the SVECM model. The system is driven by three common stochastic trends. In Table 5 from the three permanent shocks, identified as a labour supply, technology, and reallocation shocks, with the latter, like for US, which affects unemployment and vacancy in the same direction, and through its effects (e.g. income effects), causes aggregate demand expansions or contractions. The long-run dynamics of the variables to the three disturbances are reported in the Figs. 9, 10 and 11. The shock response from the first common trend (Table 5 , first column)-the labour supply shock-shows permanent negative effects on unemployment and vacancy (with a small long-run multiplier and no statistically significant): an exogenous increase in the labour supply may enhance job creation, since the additional labour supply makes the opening of a vacancy for a new job less costly. The long-run negative reaction of vacancy could be linked to the hypothesis that a larger number of job seekers reduce the number of job vacancies, even though in the short-medium run (within two years) the response of vacancies is positive (see Fig. 9 ). Labour supply shocks can be caused, other than changes in the working age population, also by policies that induce changes in the labour participation rate. Recent institutional innovations in the Italian labour market could have induced changes in the labour participation rate. The long-run impact of a technology shock on unemployment is negative, driving a decrease of job destruction (or a less increase) and an increase of job creation. The long-run multiplier of technology common trend, if compared with US is not very strong, showing that in Italy, technology plays a small role for the improvement of the employment. Aggregate reallocation shocks have moderate positive long-run effects on unemployment (Table 5 , third column, Fig. 11 ), and on job vacancies. Owing to tastes, technology or institutional changes, firms hit by positive idiosyncratic shocks expand their production, whereas other firms are hit by adverse shocks and are bound to downsizing. At aggregate level, all these idiosyncratic shocks lead to a reallocation of production amongst the firms, and at macro level, these shocks take the form of aggregate reallocation shocks, i.e. the introduction of government incentives which give fiscal advantages to firms that invest in R&D, or the introduction of an environmental tax that favour firms with a clean production technology. A positive reallocation shock can lead to increase unemployment if the job destruction prevails on the job creation.
If the shocks hit all the firms in the same direction, then at the macro level, we have an aggregate negative or positive demand shock. The reallocation process takes time and resources to hire workers, and therefore, it is a costly process implying an increase in the unemployment rate. Figure 12 displays the IRF to the transitory shock. Looking at the figure, a decreasing v-u ratio is likely due to an increase in the separation rate that reduces wages. The graph displays also the sluggish adjustment process of unemployment leading to quite long lasting effects of the transitory shock, and this may reflect a rather high degree of Table A8 ), it can be noted that transitory innovations are the main contributor at horizons of two years or less, and at 8-year horizon, they account for 27% of the unemployment rate variability. Figure 13 displays the long-run Beveridge curve obtained from the model, and entails inward movements from the early 1990s. Figure shows the long-run curve in which it is possible to note two dynamic behaviours of the Beveridge curve for the 1980s, and the early 1990s and the 2000s, with the first decade showing a more sluggish dynamics of inward shifts, likely due to a more rigid labour market in this period. It is worth pointing out that the major enhancements of efficiency were from the early 1990s to early 2000s; afterwards the curve shows steadiness in the space u − v. Likely, these movements are due to labour supply and technology shocks, induced by institutional reallocation shocks of the Italian labour market occurred in those years Tables A8 and A9 report the FEVDs of unemployment and vacancy). It is noteworthy that unemployment error variance is explained in the long-run approximately for 75% by two permanent shocks, i.e. labour supply and technology, and for 25% by reallocation shock, confirming the importance of supply factors to explain the structural unemployment. Vacancy error variance is explained in the first year roughly for 96% by technology and reallocations innovations, and in the long-run reallocation shock is the most important factor explaining vacancy variability accounting for 81%. The results confirm the view of various authors that there is no a single cause for the rise in unemployment. We find that different shocks can explain unemployment at different time horizons. Figure 14 displays the short-run IT Beveridge curve, where it can be noted an efficiency improvement of the labour market since the early 2000s, likely due to a moderate dynamics of the aggregate demand in this period, whereas for the 1980s until the early 1990s, the job-matching process displays a deterioration, in part likely due to the high union density and to wage rigidities causing lack in the labour demand.
Summary and conclusion
In this article we present a comparison of the US and Italian Beveridge curve: the cointegration analysis shows that there is one stationary relationship among the variables in both the countries. Based on a small model of the labour market, we can identify a 'market tightness' equilibrium relation. In both the labour markets, three permanent shocks were identified; in both the countries, two of them affect unemployment and job vacancies in opposite directions. We argue that there are some sources of hysteresis in both countries: technology and reallocation shocks could have permanent effects on unemployment through modifications of equilibrium unemployment rate that could generate a macroeconomic multiple equilibria system. The long-run US Beveridge curve shows inward movements in the last two decades, reflecting an improved performance of the US labour market in these years, due to technology and labour supply shocks that, in connection with market tightness shocks, caused also inward movements of the curve at business cycle frequencies through increases of the v-u ratio.
The analysis of the Italian Beveridge curve shows that the permanent effects of the labour supply and technology are not so strong like in US, and reallocation shocks have an important role for unemployment also in the long run. In particular, the latter affecting unemployment and job vacancies in the same direction cause the reallocation processes to be long and costly in terms of employment, until unemployment could start to decrease again. It is noteworthy that technology is important in both countries to explain unemployment variability. Labour supply shocks are the most important factor moving US unemployment in the long run, likely due to a less sluggish labour market in this country with respect to Italy where reallocation shocks explain a major portion of unemployment variance in the long-run with respect to the labour supply trend, likely due to various institutional and structural changes occurring since the 1980s that have induced firms to reallocate their production.
In both countries, data show a downward trend, since the 2000s, of help-wanted ads due to the increasing of the Internet as alternative source of job search, which has substantially reduced employers' reliance on traditional help-wanted advertisement, modifying the dynamics of the Beveridge curve in the recent years. Recruitment is an important process of searching and selecting qualified people for a specific job by a company or an organization, and can be performed through the use of internet technology to attract job seekers and companies, as an alternative of traditional recruitment, such as advertisement in newspaper or television which are far more expensive. The growing importance of Internet job listings improves not only the matching mechanism, but also decreases the help-wanted index to the true vacancies. However, even though Internet ads are not included in the sample data, from the long-and short-run Beveridge curves' graphics, we can note that it is likely that the increase in the flow of information on job openings, made possible by the Internet, has reduced in the recent years both structural and frictional unemployment, reduced the duration of job vacancies, and hence caused inward shifts of the Beveridge curve.
A1 Data sources
The original sources for data are FRED database available on the Federal Reserve of St. Louis website for the US: the standardized unemployment rate (by the U.S. Bureau of Labor Statistics, BLS), GDP, civilian labour force, total civilian employment, total nonfarm payrolls employment and the Conference Board help-wanted advertising index as proxy for vacancies data. Vacancy rate is obtained dividing helpwanted index data by labour force. Italian Statistical Office, ISTAT, (Quarterly Labour Force Survey) for the Italian variables labour force, employment, unemployment rate, GDP (Quarterly National Account), and ISFOL-CSA (Istituto per lo sviluppo della formazione professionale dei lavoratori, Rome, and Centro Statistica Aziendale in Florence) for the Italian vacancy survey data on the help-wanted advertisements published in some important daily newspapers. All the variables are seasonally adjusted (Fig. 15) .
A2 The production function
Following Hansen and Warne (2001) , we introduce the production function and the effect of the omission of the input capital from the model. The production process is represented by a Cobb-Douglas production function with two inputs, labour and capital, reported in loglinear form with labour augmenting technological progress (the scale parameter a t ) lf 1960 1963 1966 1969 1972 1975 1978 1981 1984 1987 1990 1993 1996 1999 2002 2005 11.1 11.2 11.3 11.4 11.5 11.6 11.7 11.8 11.9 12.0 y-e 1960 1963 1966 1969 1972 1975 1978 1981 1984 1987 1990 1993 1996 1999 2002 2005 1960 1963 1966 1969 1972 1975 1978 1981 1984 1987 1990 1993 1996 1999 1960 1963 1966 1969 1972 1975 1978 1981 1984 1987 1990 1993 1996 1999 
where e t is the employment, and k t is the capital. We can rewrite the production function to a relation for average labour productivity in which β is the returns to scale parameter. With some algebra
where (k t − e t − a t ) is the capital-labour ratio with labour measured in effective units. The technological process is assumed to follow a random walk:
Let us to rewrite (1) as
It is possible to derive two demand relations assuming cost-minimization and pricetaking firms:
where w t is the wage rate, i t is the user cost of capital, and p t the price level. Combining the two relations, assumed to be stationary
Since we do not model i t , we need to consider two cases, if the relation (w t − a t − i t ) is a stationary process, from (A.2) and (A.5), defining θ t in (1) as a productivity process, it is given by
If (w t − a t − i t ) is non-stationary (I(1)), then we have
Since the interest of the analysis is on productivity, unemployment (employment) and vacancy, the inference of the model, leaving out k t and i t , can be valid. (Tables A1, A2, A3) Using dummies variables in the model can affect the distribution of the trace test, and so the approximation used for computing the critical values of the rank test in the I(1) , the Bartlett correction factors of the rank test statistic are derived in Johansen (2002) models could be not valid. For such non-standard models, a simulation of the asymptotic critical values has been carried out both for the US and IT models. Comparing the simulated critical values to the standard ones, we note that their difference do not lead us to reconsider the choice of cointegration rank for both models (for IT model see below, Table A7 ). (Table A4) .
A3 Cointegration and identification of the common trends model
Recursive estimation tests are based on the procedure to choose a baseline sample from the first part of the sample, and then estimate a first model and recursively test whether the last part of the sample has followed the same model. Therefore, in this way, various recursive tests are calculated starting from a baseline model estimated for a subsample 1, . . . , T 1 , with T 1 < T , and then the estimation is extended to the end point of the recursive sample, t 1 , until the full sample is covered, where 
and writing (7) in the compact form
we concentrate out the short-run effects Z 2t to obtain a 'cleaner' long-run adjustment model. hence, we can define the concentrated or R-form model as
where R 0t and R 1t are residuals of OLS estimates of Z 0t and Z 1t on Z 2t , respectively. R-form model (A.8) is of interest to understand both the statistical and economic properties of the VECM model, so that the original VAR has been transformed into the 'clean' equilibrium adjustment form (A.8), which ML estimator is derived in two steps. On the other hand the X-form tests are based on the same procedure by reestimating all the parameters of the model (7). 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 (4) H(1)|H (4) H (2)|H (4) H (3)|H (4) R1(t) Fig. 16 The US recursive trace test 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 The recursive trace test is based on the Johansen test for the cointegration rank:
X(t)
The likelihood ratio test statistic for H (r) in H (n), either for the X-form and Rform models. The recursive graphs of the trace test divided by the 95% quantile of the asymptotic distribution 
Fig. 18
The US test of 'Known Beta' β 0 ∈ spβ (t 1 ) 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 to a constant for i ≤ r and to zero for i > r, τ(j) should be upward sloping for j ≤ r and constant for j > r, so that in Fig. 16 are plotted the r's time paths ofλ i (for i = 1, . . . , r), evaluated in each step of the recursion (for each value of t 1 ). The number of test statistics greater than unity corresponds to the number of cointegration relations at the 5% significance level, i.e. values greater than unity imply rejection of the null hypothesis at a 5% significance level. Hence, the graphs give some support to our choice of three unit roots (i.e. r = 1). The max test focuses on testing changes in the beta vectors, and tests the hypothesis:
It is a LM type test for parameter constancy in regression models deriving by Nyblom (1989) , and extended to analyse models with I(1) processes. In Fig. 17 , the test statistics have been scaled by the asymptotic 5% critical value under the null of constant parameters. The test is rather conservative, implying that there is strong evidence for non-constancy of beta (a signal of large deviations from the null) when the test rejects (the test statistics are above unity line). The test of 'Known Beta' is based on the null hypothesis that the beta relation(s) are constant over a reference period that can be the full sample or any subsample of it. Critical values are derived in Doornik (1998) and tabulated in Doornik (2003, i is the solution of the unrestricted eigenvalue problem. The test is asymptotically distributed as χ 2 with r(n1 − r) d.o.f . The X-form model re-estimates all the parameters, therefore the degrees of freedom are fewer than for the R-form, and so this can lead to X-form graphs with increased volatility at the beginning of the recursive sample. Moreover, each kind of test analyses the model by different views, so that one test might show non-constant characteristics not depicted by other tests. Figure 19 shows the graph of time path of the recursively r largest eigenvalue(s) of the model and its 95% confidence bands. The evaluation of the time path of λ i (i = 1, . . . , r) can be seen as an evaluation of the i'th column ofβ (orα), and hence non-constancy ofβ orα will be reflected in the estimated eigenvalue(s). The graph ofλ 1 shows that there are no large changes in all the samples, even though the confidence bands display some variability. (Figs. 20, 21, 22, 23 ; Tables A5, A6 , A7, A8, A9).
The market tightness relation, in terms of the four left-hand side variables in (6), it can be written as −γ (y t − e t ) − (l t − e t ) + v t = ε m,t
